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1

RANDOM ACCESS CHANNEL USING BASIS
FUNCTIONS

FIELD

Embodiments of the invention generally relate to wireless
communications networks, such as, but not limited to, the

Universal Mobile Telecommunications System (UMTS)
Terrestrial Radio Access Network (UTRAN), Long Term
Evolution (LTE) Evolved UTRAN (E-UTRAN), LTE-Ad-
vanced (LTE-A) and/or future 5G radio access technology.
In particular, some embodiments may relate to random
access channel (RACH) design for communication systems.

BACKGROUND

Universal Mobile Telecommunications System (UMTS)
Terrestrial Radio Access Network (UTRAN) refers to a
communications network including base stations, or Node
Bs, and for example radio network controllers (RNC).
UTRAN allows for connectivity between the user equipment
(UE) and the core network. The RNC provides control
functionalities for one or more Node Bs. The RNC and 1ts
corresponding Node Bs are called the Radio Network Sub-
system (RNS). In case of E-UTRAN (enhanced UTRAN),
no RNC exists and most of the RNC functionalities are
contained in the enhanced Node B (eNodeB or eNB).

Long Term Evolution (LTE) or E-UTRAN refers to
improvements of the UMTS through improved efliciency
and services, lower costs, and use of new spectrum oppor-
tunities. In particular, LTE 1s a 3GPP standard that provides
for uplink peak rates of at least 50 megabits per second
(Mbps) and downlink peak rates of at least 100 Mbps. LTE
supports scalable carrier bandwidths from 20 MHz down to
1.4 MHz and supports both Frequency Division Duplexing
(FDD) and Time Division Duplexing (TDD).

As mentioned above, LTE may also improve spectral
elliciency 1n networks, allowing carriers to provide more
data and voice services over a given bandwidth. Therefore,
LTE 1s designed to fulfill the needs for high-speed data and
media transport 1n addition to high-capacity voice support.
Advantages of LTE include, for example, high throughput,
low latency, FDD and TDD support in the same platform, an
improved end-user experience, and a simple architecture

resulting 1 low operating costs.

Certain releases of 3GPP LTE (e.g., LTE Rel-11, LTE
Rel-12, LTE Rel-13, LTE Rel-14) are targeted towards
1nternat10nal mobile telecommunications advanced (IMT-A)
systems, referred to herein for convenience simply as LTE-
Advanced (LTE-A).

LTE-A 1s directed toward extending and optimizing the
3GPP LTE radio access technologles A goal of LTE-A 1s to
provide significantly enhanced services by means of higher
data rates and lower latency with reduced cost. LTE-A 1s a
more optimized radio system {fulfilling the international
telecommunication union-radio (ITU-R) requirements for
IMT-Advanced while keeping the backward compatibility.
One of the key features of LTE-A 1s carrier aggregation,
which allows for increasing the data rates through aggrega-
tion of two or more LTE carriers.

Furthermore, a global bandwidth shortage facing wireless
carriers has motivated the consideration of the underutilized
millimeter wave (mmWave) frequency spectrum for future
broadband cellular communication networks. mmWave (or
extremely high frequency) generally refers to the frequency
range between 30 and 300 gigahertz (GHz). This 1s the

highest radio frequency band 1n practical use today. Radio
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waves 1n this band have wavelengths from ten to one
millimeter, giving it the name millimeter band or millimeter

wave.

The amount of wireless data might increase one thousand
fold over the next ten years. Essential elements 1n solving
this challenge include obtaining more spectrum, having
smaller cell sizes, and using improved technologies enabling,
more bits/s/Hz. An important element 1n obtaining more
spectrum 1s to move to higher frequencies, above 6 GHz. For
fifth generation wireless systems (5G), an access architec-
ture for deployment of cellular radio equipment employing
mmWave radio spectrum has been proposed. In addition to
extending cellular service into the mmWave band, dynamic
spectrum access 1s an important techmque to improve spec-
trum utilization.

SUMMARY

One embodiment 1s directed to a method which may
include receiving, at an access point employing a receiver
with QQ antennas, a random access channel (RACH) pre-
amble sent from a mobile unit. The receiving may comprise
receiving the same RACH preamble at a plurality, M, of
different time intervals where the access point beamiorms
with a different beam selected from B basis function beams
at each of the different time intervals.

Another embodiment 1s directed to an apparatus which
may include at least one processor, and at least one memory
including computer program code. The at least one memory
and computer program code may be configured, with the at
least one processor, to cause the apparatus at least to receive
a random access channel (RACH) preamble sent from a
mobile unit. The apparatus may be configured to receive the
same RACH preamble at a plurality, M5, of different time
intervals where the apparatus beamiorms with a different
beam selected from B basis function beams at each of the
different time 1ntervals.

Another embodiment may be directed to an apparatus
which may include recerving means for receiving a random
access channel (RACH) preamble sent from a mobile unait.
The receiving means may include means for receiving the
same RACH preamble at a plurality, M, of different time
intervals where the apparatus beamforms with a different
beam selected from B basis function beams at each of the
different time intervals.

Another embodiment 1s directed to a computer program,
embodied on a non-transitory computer readable medium,
the computer program may be configured to control a
processor to perform a process. The process may include
receiving, at an access point employing a receiver with QQ
antennas, a random access channel (RACH) preamble sent
from a mobile unit. The receiving comprises recerving the
same RACH preamble at a plurality, M5, of different time
intervals where the access point beamiorms with a difierent
beam selected from B basis function beams at each of the
different time 1ntervals.

Another embodiment 1s directed to a method which may
include sending, by a mobile unit, a random access channel
(RACH) preamble The sending may comprise sending
multiple copies of the same RACH preamble at diflerent
time intervals where each time interval corresponds to an
access point recerver beamiforming with a Q-clement
antenna array employing a different beam from a set of B
basis function beams.

Another embodiment 1s directed to an apparatus which
may include at least one processor, and at least one memory
including computer program code. The at least one memory
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and computer program code may be configured, with the at
least one processor, to cause the apparatus at least to send a
random access channel (RACH) preamble. The sending of
the RACH preamble may comprise sending multiple copies
of the same RACH preamble at different time intervals
where each time interval corresponds to an access point
receiver beamforming with a Q-clement antenna array
employing a different beam from a set of B basis function
beams.

Another embodiment 1s directed to an apparatus which
may include sending means for sending a random access
channel (RACH) preamble. The sending means may com-
prise means for sending multiple copies of the same RACH
preamble at diflerent time intervals where each time interval
corresponds to an access point receiver beamforming with a
Q-element antenna array employing a different beam from a
set of B basis function beams.

Another embodiment 1s directed to a computer program,
embodied on a non-transitory computer readable medium,
the computer program configured to control a processor to
perform a process. The process may include sending a
random access channel (RACH) preamble. The sending may
comprise sending multiple copies of the same RACH pre-
amble at different time intervals where each time interval
corresponds to an access point recerver beamiforming with a

Q-clement antenna array employing a different beam from a
set of B basis function beams.

BRIEF DESCRIPTION OF THE DRAWINGS

For proper understanding of the invention, reference
should be made to the accompanying drawings, wherein:

FIG. 1 1llustrates an example block diagram of traditional
baseband array processing;

FI1G. 2 illustrates an example block diagram of RF beam-
forming with a single RF beamiormer and a single baseband
path;

FI1G. 3 illustrates an example block diagram of RF beam-
forming with B RF beamiormers and B baseband paths
serving () antennas;

FIG. 4 illustrates an example access point design with
four sectors and two arrays per sector with each array having
orthogonal polarizations;

FIG. 5a 1llustrates a graph depicting an antenna beam
pattern, according to an embodiment;

FIG. 5b 1llustrates a graph depicting an antenna beam
pattern, according to an embodiment;

FIG. 5c¢ illustrates a graph depicting an antenna beam
pattern, according to an embodiment;

FIG. 5d illustrates a graph depicting an antenna beam
pattern, according to an embodiment;

FIG. 6a illustrates a graph depicting antenna patterns for
near-omni-directional beams, according to an embodiment;

FIG. 656 illustrates a graph depicting antenna patterns for
near-omni-directional beams, according to another embodi-
ment;

FIG. 6c¢ 1llustrates a graph depicting antenna patterns for
near-omni-directional beams, according to another embodi-
ment;

FIG. 6d illustrates a graph depicting antenna patterns for
near-omni-directional beams, according to another embodi-
ment;

FIG. 7 illustrates an example of basis function reception
of the RACH preambles;

FI1G. 8 1llustrates a signaling diagram of a method, accord-
ing to one embodiment;
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FIG. 9 illustrates the probability of not detecting a RACH
preamble from a user, according to an embodiment;

FIG. 10a illustrates an example block diagram of an
apparatus, according to one embodiment;

FIG. 106 illustrates an example block diagram of an
apparatus, according to another embodiment;

FIG. 11q illustrates an example flow diagram of a method,
according to one embodiment; and

FIG. 115 1llustrates an example tlow diagram of a method,
according to another embodiment.

DETAILED DESCRIPTION

It will be readily understood that the components of the
invention, as generally described and illustrated in the
figures herein, may be arranged and designed in a wide
variety of diflerent configurations. Thus, the following
detailed description of embodiments of systems, methods,
apparatuses, and computer program products for random
access channel (RACH) design using basis functions, as
represented in the attached figures, 1s not intended to limit
the scope of the invention, but 1s merely representative of
selected embodiments of the mvention.

The features, structures, or characteristics of the invention
described throughout this specification may be combined 1n
any suitable manner in one or more embodiments. For
example, the usage of the phrases “certain embodiments,”
“some embodiments,” or other similar language, throughout
this specification refers to the fact that a particular feature,
structure, or characteristic described 1n connection with the
embodiment may be included 1n at least one embodiment of
the present invention. Thus, appearances of the phrases “in
certain embodiments,” “in some embodiments,” “in other
embodiments,” or other similar language, throughout this
specification do not necessarily all refer to the same group
of embodiments, and the described features, structures, or
characteristics may be combined 1n any suitable manner 1n
one or more embodiments.

Additionally, 1f desired, the different functions discussed
below may be performed 1n a different order and/or concur-
rently with each other. Furthermore, 11 desired, one or more
of the described functions may be optional or may be
combined. As such, the following description should be
considered as merely illustrative of the principles, teachings
and embodiments of this invention, and not in limitation
thereof.

Embodiments of the invention relate to wireless commu-
nications and, 1n particular, may relate to RACH design for
mmWave communication systems. One problem that 1s
addressed by certain embodiments 1s how to transmit the
RACH preamble from the mobile device or UE when using
receive radio frequency (RF) beamforming and, 1n particu-
lar, RF receive beamforming for mmWave communications
at the access point. RF beamforming tends to be very
directional 1n nature and 1s not well suited for receiving a
message from multiple users since the users 1n a communi-
cation system tend to be spread out geographically (e.g.,
cach user 1s 1deally served with 1ts each umique directional
RF beam).

The difliculty with array processing at mmWave 1s that the
analog to digital (A-D) converters and digital to analog
(D-A) converters consume an unacceptable amount of
power because of the large bandwidths of mm Wave systems
(e.g., bandwidths of 1-2 GHz as opposed to 20 MHz for
traditional cellular frequencies). The large power consump-
tion of the D-A and A-D converters means that the number
of A-D and D-A converters needs to be minimized 1in
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mmWave, and thus the consequence 1s that traditional array
processing at 1s no longer viable.

FI1G. 1 1llustrates an example of traditional baseband array
processing (QQ baseband units for Q total antennas). Wide-
band beamforming i1s shown, but the beamforming can also
be frequency selective by applying per-subcarrier weights in
the frequency domain. The traditional baseband processing,
means that there 1s a full transceiver (transmitter/receiver
(Tx/Rx) chain) behind each antenna. The baseband beam-
forming can be wideband as shown (i.e., with a single
transmit weight across frequency, v, through v, and a
single receive weight, w, through w,) or with frequency-
selective weights applied at baseband in the frequency
domain. At traditional cellular frequencies, the number of
antennas/baseband transceivers 1s typically less than or
equal to 8, but at mmWave a larger number of antennas may
be needed (e.g., greater than or equal to 16) to overcome the
increased path loss at the higher frequencies. Even 1t full
baseband units were practical at the large bandwidths of
mmWave systems, there would still be 1ssues in receiving
RACH preambles sent by any user 1n the serving area from
all Rx antennas 1 an ommi-directional manner. Some of
these 1ssues are how to overcome the loss of not using
beamforming and how to aggregate all antennas 1nto a truly
omni-directional signal.

An alternative to there being a baseband unit present
behind each antenna element 1s for there to be a single or a
small number of baseband paths that are available for
beamforming such as in an RF beamiforming array, as
illustrated 1n FIG. 2 (for a single baseband path for all Q
clements) and FIG. 3 for a hybnid array (for B baseband
paths behind all Q elements where B<<Q)). However, using
these array architectures means that only a single or a few
RF beams can be activated at a given time. Compounding
the problem 1s that the base station will likely not know
where to point the Rx beams since users sending the RACH
will not yet be registered into the system or will be mactive
up to that point.

Hence while 1t would be best to receive the RACH
preamble from highly-directional RF beams tailored to the
mobile transmitting the preamble, the access point will
likely be unaware of where to point the RF beam since 1t will
not know which user 1s transmitting the RACH preamble at
a particular time. Further complicating the problem 1s that
there are likely two arrays per sector 1n an access point, as
illustrated 1n the example of FIG. 4 where the arrays employ
orthogonal polarizations relative to each other. In particular,
FIG. 4 illustrates an example access point design with four
sectors and two 4x4 arrays per sector with each array having
orthogonal polarizations (e.g., horizontal (bottom) and ver-
tical (top)).

Since 1t 1s desirable to recerve the RACH preambles in an
omni-directional manner, a method for omni-directional
reception of RACH preambles across two arrays with
orthogonal polarizations 1s desired while retaining a large
gain to all users sending a RACH preamble to overcome the
increased path loss expected at mmWave.

Embodiments may relate to ways of transmitting the
RACH preamble (from a UE) when using receive RF
beamforming at the base station. Certain embodiments pro-
vide a mechanism that will allow a full beam steering gain
to be obtained while providing ommni-directional coverage
for recerving RACH preambles. In an embodiment, a UE
may repeat the same RACH preamble at M, times out of a
total of B times during which the base station listens on
different orthogonal receive basis function beams (the basis
function beam 1s a receive weight vector or beam) at each of
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those B times. The base station may listen on the appropriate
basis function beams, sum the received signal across all
beams, and then run a preamble detection on the summed
signal.

In more detail, embodiments provide a feedback mecha-
nism for the RACH which includes information on the
“preferred beam” to use in the downlink direction. This
preferred beam information may, according to an embodi-
ment, be estimated by the UE based on beam-specific pilot
symbols (which could bring savings compared to “exhaus-
tive search approaches” which would alternatively be
needed for mmWave systems). The beam-specific pilots may
be transmitted at the same time on different beams provided
that they have suflicient orthogonality, or they may be
transmitted 1n a time-interleaved fashion to ensure orthogo-
nality. In the feedback approach, embodiments may provide
a near-omni-direction reception beam, which will allow the
Access Pomnt (AP) or base station to receive the RACH
request from any direction.

According to an embodiment, during a RACH interval, a
mobile device repeats a RACH preamble M, times, where at
cach time the mobile device multiplies the RACH preamble
by a weight calculated for the particular beam the base
station will recerve with at the given time. In an embodi-
ment, the weight may be a phase value. In certain embodi-
ments, the mobile device may send each RACH preamble at
a time interval where 1t 1s known that the access point 1s
listening with the same basis function beam (1.e., RF receive
beam) with which the weight was determined. The weights
(e.g., phase values) may be determined by the mobile device
from pilot signals sent by the base station from different
basis function beams. Also, M, may be determined as the
M., basis function beams whose pilot signals were received
by the mobile device with the highest power (or, alterna-
tively, M, could be all basis function beams).

In an embodiment, the access point listens on ommni-
directional basis function beams instead of directional basis
function beams so that the signal from the mobile device can
be better combined across the diflerent receive basis func-
tions. In addition, certain embodiments provide for the
reception of the RACH preambles across two or more RF
arrays 1n each sector at an access point and coordinating the
basis function beam reception across the two or more RF
arrays.

Embodiments of the invention provide an approach for
the mobile device to transmit a RACH preamble to an access
point with a single RF array or a pair of RF arrays (e.g., with
orthogonal polarization as illustrated in FIG. 4). Some of the
possible transmitter (1x) and receiver (Rx) configurations
are depicted in FIGS. 2-4, but the following description will
concentrate on the access point Rx having the configuration
shown 1n FIG. 2 and FIG. 4 with a single Rx weight vector
per array 1n each sector. For illustration purposes, it 1s
assumed that the Rx array is an MxM array (M~ total
antennas) where the array has a uniform spacing of antennas
in each dimension (e.g., 0.5 wavelength spacing). However,
embodiments of the invention can also easily be applied to
one-dimensional arrays and arbitrary 2D arrays as well.

One embodiment 1s for the mobile device to repeat the
same RACH preamble at M, times out of a total of B=M"
times where the access point listens on different orthogonal
receive basis function beams (where a basis function beam
can be viewed as a receive weight vector or beam where any
welght vector 1n the set 1s preferably orthogonal to all other
beams in the set) at each of those M~ times. In addition,
according to an embodiment, the mobile device weights
cach of the RACH transmissions with a phase only or a gain
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and phase (weight) value associated with each of the M,
basis function beams. The mobile device may first need to
determine which M, times (1.¢., which basis functions are
the strongest, 1.e., most dominant, ones) to transmit the
RACH.

Thus, at some time before the RACH uplink interval, the
access point may sound each of the B=M~ basis function
beams by sending pilot symbols from each of the M? basis
function beams in some manner. This sounding may be part
of some other downlink messaging, such as the synchroni-
zation channel or the broadcast control channel. The access
point receiver will combine the RACH preambles received
from all of the basis function beams by summing the signal
received on each time the different basis function beams are
active.

Embodiments consider two types of basis function beams
for use. The first option 1s using highly-directional beams
where 1t 1s likely that the mobile device would only see a few
dominant basis function beams (1.e., M, 1s small). The
second option 1s using near-omni-directional basis function
beams where the mobile device will likely see each beam as
being equally good. For a two dimensional array with M
antennas 1n each dimension (e.g., azimuth and elevation),
highly-directional basis function beams are first chosen for
each dimension, and then the set of overall basis function
beams 1s formed as the Kronecker combination of the basis
function beams for the azimuth and elevation dimensions.

For example, the basis function beams in one dimension
(1.e., azzmuth or elevation) can be chosen from a sampling
of the DFT matrix V whose (n,m)” element is given by:

o
V(M) = exp{—j 7~ (1= 1)m — 1)

where 1=n=M and 1=m=M. Referring back to FIG. 2 (with
Q in the figure equal to M?) the transmit weights (v, through
V) for one of the basis tunction beams would then be the
Kronecker product of two of the columns of V (one column
for elevation and one column for azimuth). In equation form
let z refer to column n of V:

Yy,

in

_VMH_

then the set of M~ highly-directional basis function beams or

transmit weight vectors (where each weight vector is M*x1)
1s defined by (1=n=M and 1=m=M):

Vot M m—1) =

When used at the receiver of an access point, the highly-

directional beams will listen to specific directions. Example
plots of a highly-direction beam for M=4 and M=8 with
half-wavelength antenna spacings are depicted in FIGS.
5a-5d. The plots on the graphs of FIGS. 5q and 5¢ show the
antenna beam pattern in one dimensional (azimuth or eleva-
tion) produced by the Mx1 beam, z . The plots on the graphs
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of FIGS. 5b and 5d show the resulting antenna beam pattern
in both azimuth and elevation dimension when the beam of

FIGS. 3a and 5c¢, respectively, are used 1n the Kronecker

product with another beam, z_. FIGS. 5a and 56 are for
M=4, and FIGS. 5¢ and 54 are for M=8. This example 1s just
one basis function beam, other basis function beams will

point 1 different directions thus covering the full space in
azimuth and elevation. It 1s noted that when using one of
these basis function beams to listen to a signal from a mobile
device that 1t will favor certain directions over others by a
wide range (e.g., more than a 30 dB difference between the
maximum and minimum directions). Employing highly-
directional basis function beams when listening to the
RACH preambles may have certain disadvantages over
near-omni-directional basis functions as will be described
later.

To overcome the disadvantages of using highly-direc-
tional basis function beams, near-omni-directional basis
function beams can be constructed. In order to construct the
near-omni-directional basis function beams, a near-omni-
directional beam 1s first created for one dimension (either
azimuth or elevation). The construction can be done 1n any
way known 1n the art, such as by a gradient search which
minimizes the peaks while maximizing the minimums of the
antenna pattern while forcing the elements of the weight
vector to be constant modulus. The constant modulus prop-
erty 1s important 1n RF beamforming so that full energy is
received on all recerve antennas instead of attenuated power
on some recerve antennas, which will result 1n a degradation
of the SNR after receive combining at RF. Through the
gradient search two single-dimension near-omni directional
beams are given by:

1
exp(—jO.175)
1 ] exp(j1.5892)
1| exp(—j1.9433) 1 | exp(jl.82)
f=50 " and f=—| "
2| exp(—j0.7348) V8 | exp(j0.6156)
exp(j0.4568) exp(— j0.6306)
exp(j2.102)
exp(—j1.3168) |

for M =4 and M = 8 respectively.

The resulting antenna patterns for these near-omni-direc-
tional beams are shown in the plots on the graphs of FIGS.
6a and 6c¢. It 1s noted that the deviation between the
maximum gain and minimum gain 1s very small compared
to the highly-directional beams. In order to obtain a near-
omni-directional beam for the MxM array, a Kronecker
product of the two beams can be used and the resulting beam

pattern 1s shown 1n the plots on the graphs of FIGS. 65 and
6d. FIGS. 6a and 65 are for M=4, and FIGS. 6c¢ and 64 are

for M=8.

It should be noted that, to obtain the beams for the MxM
array, the Kronecker product was performed using the above
weight, 1, and another weight which 1s I shifted by 30
degrees (1.e., T 1s element-wise multiplied by an array
manifold vector for 30 degrees. This 30 degree shiit 1s just
one example, other shifts could also be used.) To get a tull
set of near-omni-directional basis function beams (1.e., a set
of M? beams which are all orthogonal to one another), the
resulting near-omni-directional beam obtained for the MxM
array can be element-wise multiplied by the set of highly-
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directional basis function beams obtained above. The ele-
ment-wise multiplication with the highly-directional beams
shifts the near-omni-directional pattern 1n the direction of
the maximal gain of the highly-directional beams while
retaining the near-omni-directional pattern shown in FIG. 6.
Using the near-omni-directional basis function beams will
be beneficial for receiving a RACH preamble, as will be
discussed below.

In one embodiment, the access point listens on each basis
function beam at a different time and the mobile device
sends 1ts RACH preamble at the times associated with the
dominant M, basis function beams. In addition, during the
time the access point listens with beam b, the mobile device
may use the RACH preamble with the phase (or gain and
phase) associated with that beam. In other words, the mobile
device may multiply the RACH preamble by «, as 1s
illustrated in the example of FIG. 7. When the weight 1s
phase only, o, will be of the form exp(jp,) where [, 1s the
phase value. This 1s what 1s meant by multiplying the RACH
preamble with a phase value. In particular, FIG. 7 illustrates
an example of basis function reception of the RACH pre-
ambles sent from the mobile device where the access point
listens at the given time with the basis function beam shown.
The access point may then sum up the contribution from all
beams and hence can coherently combine the multiple
RACH preambles sent from each mobile device. Then, the
access point only needs to detect a RACH preamble from
one combined signal as opposed to running the detection
algorithm multiple times (one for each beam) as would be
required by the grid of beams method. The grid of beams
method 1s where the access point listens on a dense set
(much more than M?* beams) of highly-directional beams
and the mobile only transmits one RACH preamble during
the time that the access point 1s listening on the best beam
for that mobile. In this grid of beams case the base has to run
the RACH preamble detection for every beam 1n the set.

FI1G. 8 1llustrates a signaling diagram of a method, accord-
ing to one embodiment. In this case, a B=MxM array (M
antennas 1 azimuth and M antennas in elevation) 1is
assumed but any array of B antennas may be used. First, the
access point sends training (pilots) from each of the basis
function beams. This training could be part of another
message, such as broadcast control (BCH) or the synchro-
nization channel. The mobile device receives the training
from each of the basis function beams and determines a
phase (or a gain and phase), o, for the dominant (e.g.,
strongest) M, beams. Note that o, 1s non-zero for the
dominant M, beams and is zero for the remaining M*-M,,
beams. Thus, some of the phase values, o, can be zero 1t
M .<M* and in this case the mobile may simply not transmit
anything for the time o, 1s zero. The mobile device then
sends the RACH preamble, phased by the respective value,
a.,, during the time that the access point 1s listening on the
respective dominant M, beams. The access point sums the
signal recerved when 1t 1s listening on each of the basis
function beams to create an aggregated RACH signal. The
access point detects the presence of a RACH preamble from
the aggregated RACH signal.

When the mobile device transmits 1ts RACH preamble at
the M, times 1t may transmit the RACH in a beamformed
fashion from its own antenna array. The beamiorming
weights could be determined by listening to signals from the
access point received at some point prior to the RACH
interval. In addition, if the mobile has two transmit arrays
with orthogonal polarizations, the mobile may transmit the
RACH preambles using space-time coding across the two
arrays.
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As discussed 1n the following, a few 1ssues may need to
be taken 1nto account. For example, the mobile device has a
maximum transmit power and, in mmWave with high band-
widths, the mobile device will most likely be sending a
RACH preamble at this level. This means that power will be
lost if a, 1s non-equal gain (1.e., not phase only) because
transmit power at one time (i1.e., during a time the access
point 1s listening with one basis function beam) cannot be

transferred to another time (1.e., during a time the access
point 1s listening with a different basis function beam). Also,
the access point does not know which basis function beams
the mobile device selected, so 1t will have to sum all signals
received on each basis function beam together. Thus, not
only 1s signal energy added together, so 1s the noise (albeit
incoherently). Additionally, using highly-directional basis
function beams means that only a few beams will be
dominant at the mobile (e.g., M,<<M?, perhaps as low as 2
or 3). Hence, when the access point adds up the signals on
the diflerent RACH preambles, most will only contain noise
and therefore the noise will be enhanced.

For example, assuming a 4x4 array (1.e., M=4), the
ageoregated RACH signal at the access point 1s given by:

Ny 16

SN [T By ) + ),

=1 t=1

where N 1s the number of mobiles sending RACH pre-
ambles at the same time, o 1s the phase value for basis
function beam t for mobile u, v, is the M”x1 basis function
beam used during RACH interval t, h, is the M*x1 channel
from mobile u, x_(n) 1s the RACH preamble from mobile u,
and n,(n) is additive noise with power of o°. Note that h,,
may include any transmit beamiorming used at the mobile
device. The RACH preambles from the different users could
be different spreading codes or different sequences (such as
generalized chirp-like (GCL) sequences) that have good
auto correlations and good cross correlations. The access
point would just then correlate with all possible preambles
to detect the presence of a RACH signal from a mobile.

A goal 1s to create an aggregated RACH signal which has
a similar signal-to-noise ratio (SNR) to a signal received on
an optimal receive beam, which, for a single-ray channel, 1s
given by:

M?* 16
SNRQPT = 5 = — tor M = 4.
ar ar

Assuming a single user 1s sending the RACH preamble
(1.e., N =1) and that E[Ix(n)|2]=1, the SNR for the aggre-
gated RACH signal 1s given by:

16
Z afrvfhl
r=1

SNRK =
1602

Assuming without loss of generality, for example, that the
mobile has maximum transmit power of 1. Therefore, to
obtain the highest SNR, o, should have unit power (i.e.,
a.=exp(1*3,)) and the number of dominant basis function
beams, M, needs to be equal to M* (16 in this case) so that
there are no zero-valued phase values. With highly-direc-
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tional beams this criterion may not be met since there will
only be a few (e.g., 2-3) dominant beams, and thus a
significant SNR loss will occur. With near-omni-directional
basis function beams, at any given mobile location, each
beam will have very similar receive power and hence most
or all basis functions will be 1mportant and the power
received on each beam will be roughly equal. In other words,
for near-omni-directional beams, |v,’h |°~1 for all t and
hence the aggregated RACH signal will approach the opti-
mal SNR of M*/0” (16/0” in the example) since B, will be
chosen as the negative of the phase of v,’h  when the weight
1s calculated.

In addition, 1t 1s noted that the gain and phase values for
the dominant M, beams may be fed back to the access point
so that the base station could determine the optimal RF
beamformer to use with that mobile device. In an embodi-
ment, this feedback may be part of the RACH preamble
itsellf.

In order to handle two arrays per sector each with
orthogonal polarizations, the basis function beams used can
be expanded to include polarization. In this option basis
function beams which span the 2M~ antennas (e.g., all 32
antennas 1n each sector of FIG. 4) can be created. The basis
function beams 1n this case could simply be the Kronecker

product of the basis function beams for a single array (e.g.,
as given above for DFT vectors) with:

1 1}
e

An alternative that could be used 1s:

]

=, )

Another option for two arrays per sector 1s to receive on
the same basis function beams on both arrays and then
combine the received RACH signal across the two arrays.
However, this approach assumes that each array 1s calibrated
well enough to see similar antenna patterns with the same
basis function beams.

In other embodiments, if the mobile device has two
transmit arrays (e.g., each with an orthogonal polarization),
then 1t could beamform the RACH preamble across the two
arrays. In yet another example embodiment, the total num-
ber of basis function beams, B, can be less than M~ if some
scanning angles of the basis function beams are out of the
sector coverage (e.g., greater than some angle 1n azimuth or
clevation).

According to another embodiment, the RACH period may
be broken up into two intervals for helping with the case of
having two arrays at the access point per sector where each
array has a different polarization. The mobile device may
determine (from a downlink pilot transmission) the same
best basis function beams and phase values for M, basis
function beams for both polarizations plus a co-phasing
value across the two arrays (chosen to enable coherent
combining across the two arrays). The co-phasing may be
used to determine 11 1t 15 better to add a signal received on
cach of the arrays or 1l it 1s better to subtract the signals
received on the two arrays. If adding 1s better, then the
mobile device would transmit its RACH preamble using the
phase values for the M 5 basis function beams during the first
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time interval where the access point will listen on the same
basis function beams on both arrays and then sum the signal
across the two arrays. If subtracting 1s better, then the mobile
would transmit 1its RACH preamble using the phase values
for the M basis function beams during the second time
interval where the access point will listen on the same basis
function beams on both arrays and then subtract the signal
across the two arrays. In this case, the base station would run
the preamble detection twice, first on the signal added across
beams 1n the first time interval and added across the two
arrays, and the second on the signal added across beams and
subtracted across arrays in the second time interval.

In the following, simulation results are presented that
compare the basis function method with the grid of beam
method where the mobile detects the strongest beam and
then sends 1ts RACH preamble only during the time that the
access point listens with that same beam. For the grid of
beams approach, a dense set of 4M~ beams are employed
and for the RACH basis function beam method, M* basis
function beams are used. A null cyclic prefix single carrier
(NCP-SC) communication system 1s assumed with 512
symbols 1n a data block (1.e., the RACH preamble 1s 512
symbols long). Hence for the grid of beams approach, four
times the resources are needed for the RACH preamble
reception (1.e., a group of 512 RACH symbols are needed for
each of the 4M?* beams). The RACH sequences themselves
are comprised of a set of 128 different GCL sequences of
length 512 where mobile devices can choose which
sequence out of the 128 to transmit the RACH preamble
with. In the simulations with multiple mobiles sending
RACH preambles at the same time, diflerent sequences are
always used for each user. A 72 GHz carrier frequency 1is
assumed with a 2.0 GHz bandwidth and a root-raised cosine
pulse with rollofl factor of 0.25 1s employed. The access
point has one 4x4 array in each sector (four total sectors)
with vertical polarization and the mobile has a single 2x2
array with vertical polarization. The simulated channel 1s a
line-of-sight mm Wave urban-micro channel.

FIG. 9 1llustrates the probability of not detecting a RACH
preamble from a user when two users are sending their
RACH preamble during the same RACH interval. As can be
seen from FIG. 9, the near-omni-directional basis function
beams produce a similar RACH detection probability as the
orid of beams approach despite 1) the grid of beams
approach needing four times the number of resources for
receiving the RACH preamble, and 2) the access point
needing significantly higher computation complexity to pro-
cess the RACH 1nterval for the grid of beams approach since
it needs to search for RACH preambles during each time 1t
receives with one of the beams from the grid of beams (the
basis function beam approach sums all signals received from
cach beam and hence only needs to detect RACH preambles
for a single signal).

In view of the above, embodiments of the invention are
able to obtain the full RF beam steering gain while providing
omni-directional coverage for receiving RACH preambles.
This gain 1s obtained by using near-omni-directional basis
function beams and having the mobile device transmit the
same RACH preamble during each interval the access point
listens with a given basis function beam. The mobile device
transmits the RACH preamble during each basis function
beam interval multiplied by a phase value calculated for that
beam.

Embodiments of the mvention provide several advan-
tages. Some advantages include greatly reducing the com-
putational complexity of RACH processing by detecting a
RACH preamble in a single signal instead of needing to
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detect a RACH preamble from many signals received on
different beams (e.g., 4M* beams in the grid of beams
approach). In addition, embodiments require less resources
to send the RACH preambles since the full beamiforming
gain can be achieved with only M* time resources instead of
4M?” time resources needed for the grid of beams approach.
Also, embodiments extend to multiple arrays per sector
(possibly with each array having orthogonal polarizations) at
the access pomnt or multiple polarizations at the mobile
device.

FI1G. 10q 1llustrates an example of an apparatus 10 accord-
ing to an embodiment. In an embodiment, apparatus 10 may
be a node, host, or server in a communications network or
serving such a network, such as an access point or base
station. It should be noted that one of ordinary skill in the art
would understand that apparatus 10 may include compo-
nents or features not shown 1n FIG. 10a.

As 1llustrated 1 FIG. 10a, apparatus 10 includes a pro-
cessor 22 for processing information and executing instruc-
tions or operations. Processor 22 may be any type of general
or specific purpose processor. While a single processor 22 1s
shown in FIG. 10aq, multiple processors may be utilized
according to other embodiments. In fact, processor 22 may
include one or more of general-purpose computers, special
purpose computers, microprocessors, digital signal proces-
sors (DSPs), field-programmable gate arrays (FPGAs),
application-specific integrated circuits (ASICs), and proces-
sors based on a multi-core processor architecture, as
examples.

Apparatus 10 may further include or be coupled to a
memory 14 (internal or external), which may be coupled to
processor 22, for storing iformation and instructions that
may be executed by processor 22. Memory 14 may be one
or more memories and of any type suitable to the local
application environment, and may be implemented using
any suitable volatile or nonvolatile data storage technology
such as a semiconductor-based memory device, a magnetic
memory device and system, an optical memory device and
system, fixed memory, and removable memory. For
example, memory 14 can be comprised of any combination
of random access memory (RAM), read only memory
(ROM), static storage such as a magnetic or optical disk, or
any other type of non-transitory machine or computer read-
able media. The instructions stored 1 memory 14 may
include program instructions or computer program code
that, when executed by processor 22, enable the apparatus
10 to perform tasks as described herein.

In some embodiments, apparatus 10 may also 1nclude or
be coupled to one or more antennas 25 for transmitting and
receiving signals and/or data to and from apparatus 10.
Apparatus 10 may further include or be coupled to a
transceiver 28 configured to transmit and receive informa-
tion. For instance, transceiver 28 may be configured to
modulate information on to a carrier wavelorm for trans-
mission by the antenna(s) 25 and demodulate information
received via the antenna(s) 235 for further processing by
other elements of apparatus 10. In other embodiments,
transceiver 28 may be capable of transmitting and receiving
signals or data directly.

Processor 22 may perform functions associated with the
operation of apparatus 10 which may include, for example,
precoding ol antenna gain/phase parameters, encoding and
decoding of individual bits forming a communication mes-
sage, Tormatting of mnformation, and overall control of the
apparatus 10, including processes related to management of
communication resources.
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In an embodiment, memory 14 may store solftware mod-
ules that provide functionality when executed by processor
22. The modules may include, for example, an operating
system that provides operating system functionality for
apparatus 10. The memory may also store one or more
functional modules, such as an application or program, to
provide additional functionality for apparatus 10. The com-
ponents of apparatus 10 may be implemented 1n hardware,
or as any suitable combination of hardware and software.

In one embodiment, apparatus 10 may be an access point
or base station, for example. In this embodiment, apparatus
10 may be controlled by memory 14 and processor 22 to
receive a random access channel (RACH) preamble sent
from a mobile unit. More specifically, 1n one embodiment,
apparatus 10 may be controlled by memory 14 and processor
22 to recerve the same RACH preamble at B different time
intervals where the apparatus 10 beamiforms with a different
beam selected from B basis function beams at each of the
different time intervals. According to an embodiment, the
apparatus 10 may be an access point employing a receiver
with Q antennas.

In certain embodiments, the RACH preamble 1in a given
time interval 1s multiplied at the mobile unit by a phase value
associated with the basis function beam used to receive at
said given time interval. The basis function beams may be
orthogonal, according to some embodiments.

According to an embodiment, apparatus 10 may be con-
trolled by memory 14 and processor 22 to send pilot symbols
from each of the B basis function beams at some time prior
to the RACH interval. In one embodiment, apparatus 10 may
be controlled by memory 14 and processor 22 to receive a
feedback message from the mobile unit, the feedback mes-
sage comprising an indication of the best M, basis function
beams plus a gain and phase value for each of the M, beams.

In certain embodiments, the B orthogonal basis functions
are dertved from a discrete Fourier transform (DFT) matrix.
There may be two sets of QQ transmit antennas and RACH
preambles that are combined across the two sets of antennas,
according to an embodiment.

FIG. 1056 1llustrates an example of an apparatus 20 accord-
ing to another embodiment. In an embodiment, apparatus 20
may be a node or element 1n a communications network or
associated with such a network, such as mobile device,
mobile unit, or UE. It should be noted that one of ordinary
skill in the art would understand that apparatus 20 may
include components or features not shown i FIG. 105.

As 1llustrated in FIG. 105, apparatus 20 includes a pro-
cessor 32 for processing information and executing instruc-
tions or operations. Processor 32 may be any type of general
or specific purpose processor. While a single processor 32 1s
shown in FIG. 105, multiple processors may be utilized
according to other embodiments. In fact, processor 32 may
include one or more of general-purpose computers, special
purpose computers, microprocessors, digital signal proces-
sors (DSPs), field-programmable gate arrays (FPGAs),
application-specific integrated circuits (ASICs), and proces-
sors based on a multi-core processor architecture, as
examples.

Apparatus 20 may further include or be coupled to a
memory 34 (internal or external), which may be coupled to
processor 32, for storing information and instructions that
may be executed by processor 32. Memory 34 may be one
or more memories and of any type suitable to the local
application environment, and may be implemented using
any suitable volatile or nonvolatile data storage technology
such as a semiconductor-based memory device, a magnetic
memory device and system, an optical memory device and
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system, {ixed memory, and removable memory. For
example, memory 34 can be comprised of any combination
of random access memory (RAM), read only memory
(ROM), static storage such as a magnetic or optical disk, or
any other type of non-transitory machine or computer read-
able media. The instructions stored 1 memory 34 may
include program instructions or computer program code
that, when executed by processor 32, enable the apparatus
20 to perform tasks as described herein.

In some embodiments, apparatus 20 may also 1nclude or
be coupled to one or more antennas 35 for transmitting and
receiving signals and/or data to and from apparatus 20.
Apparatus 20 may further include a transceiver 38 config-
ured to transmit and receive information. For instance,
transceiver 38 may be configured to modulate information
on to a carrier wavelform for transmission by the antenna(s)
35 and demodulate mformation received via the antenna(s)
35 for further processing by other elements of apparatus 20.
In other embodiments, transceiver 38 may be capable of
transmitting and receiving signals or data directly.

Processor 32 may perform functions associated with the
operation of apparatus 20 including, without limitation,
precoding ol antenna gain/phase parameters, encoding and
decoding of individual bits forming a communication mes-
sage, Tormatting of mnformation, and overall control of the
apparatus 20, including processes related to management of
communication resources.

In an embodiment, memory 34 stores soitware modules
that provide functionality when executed by processor 32.
The modules may include, for example, an operating system
that provides operating system functionality for apparatus
20. The memory may also store one or more functional
modules, such as an application or program, to provide
additional functionality for apparatus 20. The components of
apparatus 20 may be implemented 1n hardware, or as any
suitable combination of hardware and software.

As mentioned above, according to one embodiment, appa-
ratus 20 may be a mobile unit or mobile device, such as UE
in LTE or LTE-A. In this embodiment, apparatus 20 may be
controlled by memory 34 and processor 32 to send a random
access channel (RACH) preamble. More specifically, in an
embodiment, apparatus 20 may be controlled to send mul-
tiple copies of the RACH preamble at different time 1ntervals
where each time interval corresponds to an access point
receiver beamforming with a Q-clement antenna array
employing a different beam from a set of B basis function
beams.

In one embodiment, the RACH preamble in a given time
interval may also be multiplied by a phase value associated
with the basis function beam used to receive at said given
time 1nterval. In some embodiments, the basis function
beams may be orthogonal.

According to an embodiment, the phase values may be
determined from pilot symbols sent by the access point from
cach of the B basis function beams at some time prior to the
RACH iterval. In some embodiments, apparatus 20 may be
controlled by memory 34 and processor 32 to transmit a
teedback message comprising an indication of the best M,
basis function beams plus a gain and phase value for each of
the M, beams. The B orthogonal basis functions may be
derived from a discrete Fourier transform (DFT) matrix, for
example.

FI1G. 11a illustrates a flow diagram of a method, according,
to one embodiment. In one embodiment, the method of FIG.
11a may be performed by an access point, for example,
employing a recerver with QQ antennas. As 1llustrated 1n FIG.
11a, the method may include, at 200, sending pilot symbols
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from each of B basis function beams at some time prior to
the RACH interval. The method may also include, at 210,
receiving a random access channel (RACH) preamble sent
from a mobile unit. The receiving may include recerving the
same RACH preamble at B different time intervals where the
access point beamiorms with a different beam selected from
the B basis function beams at each of the different time
intervals. The method may further include, at 220, receiving
a feedback message from the mobile unit. The feedback
message may include an indication of the best My basis
function beams plus a gain and phase value for each of the
M beams.

FIG. 115 1llustrates a flow diagram of a method, according,
to another embodiment. In one embodiment, the method of
FIG. 115 may be performed by a mobile device or UE, for
example.

The method may include, at 250, sending a random access
channel (RACH) preamble. The sending may include send-
ing multiple copies of the RACH preamble at different time
intervals where each time interval corresponds to an access
point recerver beamiorming with a Q-element antenna array
employing a different beam from a set of B basis function
beams. The method may further include, at 260, transmitting
a feedback message comprising an indication of the best M,
basis function beams plus a gain and phase value for each of
the M, beams.

In some embodiments, the functionality of any of the
methods described herein, such as those 1llustrated in FIGS.
8, 11a and 115 discussed above, may be implemented by
soltware and/or computer program code stored 1n memory
or other computer readable or tangible media, and executed
by a processor. In other embodiments, the functionality may
be performed by hardware, for example through the use of
an application specific integrated circuit (ASIC), a program-
mable gate array (PGA), a field programmable gate array
(FPGA), or any other combination of hardware and soft-
ware.

One having ordinary skill in the art will readily under-
stand that the mnvention as discussed above may be practiced
with steps 1n a different order, and/or with hardware ele-
ments in configurations which are different than those which
are disclosed. Therefore, although the invention has been
described based upon these preferred embodiments, 1t would
be apparent to those of skill 1n the art that certain modifi-
cations, variations, and alternative constructions would be
apparent, while remaining within the spirit and scope of the
invention. In order to determine the metes and bounds of the
invention, therefore, reference should be made to the
appended claims.

We claim:

1. A method, comprising:

recerving, at an access point employing a receiver with a

plurality of antennas, a random access channel (RACH)
preamble sent from a mobile unit,

wherein the receiving comprises recerving a same RACH

preamble at a plurality, M, of different time intervals
where the access point beamforms with a different
beam selected from B basis function beams at each of
the plurality, M of diflerent time 1ntervals,

wherein the receiving comprises receiving the same

RACH preamble at B different time intervals,
wherein the B basis function beams are orthogonal,
wherein the B different time intervals are equal to M~

times, M~ representing a total number of antennas in an

MxM array,

wherein the method further comprises listening to difler-
ent orthogonal receive basis function beams,
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wherein each RACH transmission associated with each of
a plurality of M, basis function beams comprises a
weight value,

wherein B represents a total number of times during

which the access point listens on different orthogonal
recelve basis function beams, and

wherein M, represents a subset of B.

2. The method according to claim 1, wherein the RACH
preamble 1n a given time 1nterval 1s multiplied at the mobile
unit by a phase value associated with the basis function
beam used to receive at said given time interval.

3. The method according to claim 1, further comprising,
sending pilot symbols by the access point from each of the
B basis function beams at some time prior to a RACH
interval.

4. The method according to claim 1, further comprising
receiving, by the access point, a feedback message from the
mobile unit, the feedback message comprising an indication
of a plurality of best M5 basis function beams plus a gain and
phase value for each of a plurality of M, beams.

5. The method according to claim 1, wherein the B basis
function beams comprise near-omni-directional beams.

6. The method according to claim 1, wherein there are two
sets of a plurality of transmit antennas and RACH preambles
are combined across the two sets of the plurality of transmut
antennas.

7. An apparatus, comprising;:

at least one processor; and

at least one memory including computer program code,

the at least one memory and computer program code

configured, with the at least one processor, to cause the
apparatus at least to

receive a random access channel (RACH) preamble sent

from a mobile unat,

wherein the apparatus 1s configured to receive a same

RACH preamble at a plurality, M, of different time
intervals where the apparatus beamforms with a difler-
ent beam selected from B basis function beams at each
of the plurality, M, of diflerent time intervals,
wherein receiving the RACH preamble comprises receiv-
ing the same RACH preamble at B diflerent time
intervals,
wherein the B basis function beams are orthogonal,
wherein the B different time intervals are equal to M~
times, M” representing a total number of antennas in an
MxM array,
wherein the at least one memory and computer program
code are further configured, with the at least one
processor, to cause the apparatus at least to listen to
different orthogonal recerve basis function beams,
wherein each RACH transmission associated with each of
a plurality of M5 basis function beams comprises a
weight value,
wherein B represents a total number of times during
which the access point listens on different orthogonal
recerve basis function beams, and

wherein M, represents a subset of B.

8. The apparatus according to claim 7, wherein the
apparatus comprises an access point employing a receiver
with a plurality of antennas.

9. The apparatus according to claim 7, wherein the RACH
preamble 1n a given time 1nterval 1s multiplied at the mobile
unit by a phase value associated with the basis function
beam used to receive at said given time interval.

10. The apparatus according to claim 7, wherein the at
least one memory and computer program code are further
configured, with the at least one processor, to cause the
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apparatus at least to send pilot symbols from each of the B
basis function beams at some time prior to a RACH interval.

11. The apparatus according to claim 7, wherein the at
least one memory and computer program code are further
configured, with the at least one processor, to cause the
apparatus at least to receive a feedback message from the
mobile unit, the feedback message comprising an indication
of a plurality of best M, basis function beams plus a gain and
phase value for each of a plurality of M, beams.

12. The apparatus according to claim 7, wherein the B
basis function beams comprise near-ommni-directional
beams.

13. The apparatus according to claim 7, wherein there are
two sets of a plurality of transmit antennas and RACH
preambles are combined across the two sets of the plurality
ol transmit antennas.

14. A computer program, embodied on a non-transitory
computer readable medium, the computer program config-
ured to control a processor to perform a process, comprising;:

receiving, at an access point employing a receiver with a

plurality of antennas, a random access channel (RACH)
preamble sent from a mobile unit,
wherein the receiving comprises recerving a same RACH
preamble at a plurality, M., of diflerent time 1ntervals
where the access point beamforms with a different
beam selected from B basis function beams at each of
the plurality, M,, of diflerent time intervals,
wherein the receiving comprises receiving the same
RACH preamble at B different time intervals,

wherein the B basis function beams are orthogonal,
wherein the B different time intervals are equal to M~
times, M” representing a total number of antennas in an
MxM array,

wherein the computer program 1s further configured to
control a processor to perform a process of listening to
different orthogonal recerve basis function beams,

wherein each RACH transmission associated with each of
a plurality of M5 basis function beams comprises a
weilght value,

wherein B represents a total number of times during

which the access point listens on different orthogonal
receive basis function beams, and

wherein M represents a subset of B.

15. A method, comprising;

sending, by a mobile unit, a random access channel
(RACH) preamble,

wherein the sending comprises sending multiple copies of
a same RACH preamble at different time intervals
where each time interval corresponds to an access point
receiver beamiorming with an antenna array employing
a different beam from a set of B basis function beams,

wherein the sending comprises sending the same RACH
preamble at B different time intervals,

wherein the B basis function beams are orthogonal,

wherein the B different time intervals are equal to M?

times, M~ representing a total number of antennas in an

MxM array,

wherein the method further comprises applying a weight
on each RACH transmission associated with each of a
plurality of M basis function beams,

wherein B represents a total number of times during
which the access point listens on different orthogonal
receive basis function beams, and

wherein M, represents a subset of B.

16. The method according to claim 15, wherein the RACH

preamble 1n a given time interval 1s also multiplied by a
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phase value associated with the basis function beam used to
receive at said given time interval.

17. The method according to claim 16, wherein the phase
values are determined from pilot symbols sent by the access
point from each of the B basis function beams at some time
prior to a RACH interval.

18. The method according to claim 135, further comprising
transmitting a feedback message comprising an indication of
a plurality of best M basis function beams plus a gain and
phase value for each of a plurality of M, beams.

19. The method according to claim 15, wherein the B
basis function beams comprise near-omni-directional
beams.

20. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,

the at least one memory and computer program code

configured, with the at least one processor, to cause the
apparatus at least to

send a random access channel (RACH) preamble,

wherein the sending comprises sending multiple copies of

a same RACH preamble at different time intervals
where each time interval corresponds to an access point
receiver beamforming with an antenna array employing,
a different beam from a set of B basis function beams,
wherein sending the RACH preamble comprises sending
the same RACH preamble at B different time intervals,
wherein the B basis function beams are orthogonal,
wherein the B different time intervals are equal to M~
times, M” representing a total number of antennas in an
MxM array,
wherein the at least one memory and computer program
code configured, with the at least one processor, to
cause the apparatus at least to apply a weight on each
RACH transmission associated with each of a plurality
of M basis function beams,
wherein B represents a total number of times during
which the access point listens on different orthogonal
recelve basis function beams, and

wherein M, represents a subset of B.

21. The apparatus according to claim 20, wherein the
apparatus comprises a mobile unait.
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22. The apparatus according to claim 20, wherein the
RACH preamble 1n a given time 1nterval 1s also multiplied
by a phase value associated with the basis function beam
used to recerve at said given time interval.

23. The apparatus according to claim 22, wherein the
phase values are determined from pilot symbols sent by the
access point from each of the B basis function beams at
some time prior to a RACH interval.

24. The apparatus according to claim 20, wherein the at
least one memory and computer program code are further
configured, with the at least one processor, to cause the
apparatus at least to transmit a feedback message comprising
an indication of a plurality of best M5 basis function beams
plus a gain and phase value for each of a plurality of M,
beams.

25. The apparatus according to claim 20, wherein the B
basis function beams comprise near-omni-directional
beams.

26. A computer program, embodied on a non-transitory
computer readable medium, the computer program config-
ured to control a processor to perform a process, comprising;:

sending a random access channel (RACH) preamble,

wherein the sending comprises sending multiple copies of
a same RACH preamble at different time intervals
where each time interval corresponds to an access point
receiver beamiorming with an antenna array employing
a different beam from a set of B basis function beams,
wherein the sending comprises sending the same RACH
preamble at B different time intervals,
wherein the B basis function beams are orthogonal,
wherein the B different time intervals are equal to M~
times, M~ representing a total number of antennas in an

MxM array,
wherein the process further comprises applying a weight

on each RACH transmission associated with each of a

plurality of Mj basis function beams,
wherein B represents a total number of times during

which the access point listens on different orthogonal
receive basis function beams, and
wherein M, represents a subset of B.
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